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Not only the position should be controlled precisely but also contact force should be controlled appropriately to overcome environmental constraints or compliance environment while completing tasks, such as robot-assisted assembly, finishing, dexterous hand, space docking, hands coordination etc., the same time avoiding damaging objects or robots due to the force impact. Control of such operations is often referred to as compliance control [1] . Impedance control and Hybrid Force/Position control become the most classic methods of initiative submissive control [2] . The impedance control algorithm which adjusts the mechanical impedance to achieve the requirements of force and position control based on the dynamic relationship between force and position/speed is raised by Hogan in 1985 [3, 4] . Impedance control is summarized by Maples as the force control that the force feedback signal is converted to the position and velocity correction is called the impedance control [5] .
The problems of the uncertain model parameters, uncertain environment structure and outside interference are faced during the complex task while the power and location can be can controlled effectively by the basic power control method. Advanced control methods which increase the adaptability or robustness are mostly developed from the classic method on the basis of the classical force control. Good dynamic and static characteristics of the controlled system can be maintained by distinguishing, studying and toning the control law when the parameters of robot and the environment are unknown [6] . Stability, progressive adjustment and dynamic characteristics can be remained in the case of uncertainty existed in the robot system as same as system has the ability to withstand the uncertainties by robust force control. Needed dynamic performance, such as target impedance can be met under uncertainty and interference by robust force control [7, 8] . The neural network is successfully applied to the impedance control. One category is that certain robustness can be existed in the system in the fixed target impedance by learning to compensate for the uncertainty of the robot model and the environment and the other is that the impedance parameters can be adjusted automatically through the continuous learning of the neural network [9, 10] . Fuzzy control is widely used in compliance control in recent years. A good control effect is achieved because the ultimate control of fuzzy logic control is simple in form, easy to implement [11] [12] [13] .
The impedance control problem of the plane three-link robot is investigated depth. Impedance control model of robot is built on the basis of derivate kinematics and dynamics model of robot and fuzzy theory is introduced to the robot joint PD controller to control robot's position and contact force when environmental constraints are taken into account. The validity and advantage of the proposed algorithm is proved by a large number of simulation results.
Kinematic and dynamic analysis of 3R plane robot
The dynamic model of 3R (three rotations) plane robot is analyzed by Newton-Euler method [14] [15] [16] . Organizational chart of the plane 3R robot is shown in Figure 1 . If the connecting rod of the operating arm is regarded as a rigid body, the relationship of center of mass acceleration c v  , total mass m and force f which produces the acceleration is satisfied with the Newton's second law:
When the rigid body is rotated around the axis of center of mass, the relationship of angular velocity w , the angular acceleration w  , the inertia tensor I and the torque n is satisfied with the Euler equation: 
Kinematic equation
Vector equation of plane 3R robot can be seen as follows:
where pl R is the straight line distance of the end of the robot relative to the origin, 1 R is the length of the connecting rod 1, 2 R is the length of the connecting rod 2, 3 R is the length of the connecting rod 3, scalar equation that pl R corresponds to x and y axis is:
Equation (4) and Equation (5) 
The relationship between the acceleration of the cancroids of three-link and the nodal variables is determined: (  2  2  2   3  1  3  2  123  3  2  1  123  3  12  2   2  3  123  3   2  2  123  3  12  2   2  1  123  3  12  2  1  1  3  123  3  2  123  3  12  2  1  123  3  12  2  1  1  ,  3   3  1  3  2  123  3  2  1  123  3  12  2   2  3  123  3   2  2  123  3  12  2   2  1  123  3  12  2  1  1  3  123  3  2  123  3  12  2  1  123  3  12  2 (10) where pl x is the x value of the end of rod, pl y is the y value of the end of rod, pl x  is the x acceleration value of the end of rod, pl y  is the x acceleration value of the end of rod, i  is the angle of the rod i relative to the rod (i-1), i w is the angular velocity of the rod i, i a is the angular acceleration of the rod i, ci a is angular acceleration of center of gravity of rod i, i r is the length of rod i, ci r is the length between center of gravity and rotating pair. The location that the rod ends reach can be calculated when each joint angle is known.
Dynamic equation
Diagram of rod 1 is shown in Figure 2 . Dynamic of the three rods is analyzed and dynamic equations of the three rods are listed: 
Similarly, three dynamic equations of linkage 2 can be deduced: 
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Independent PD control of robot
Control law of independent PD control of robot is designed as: 
Design of the robot fuzzy PD controller
The conventional PD control can not meet the requirements of complex and high-precision robot control system as independent PD control is simple in principle, easy to use, strong in robustness [17] . Online self-tuning of the PD parameters is achieved by the fuzzy inference method. PD parameters in 3R Plane Robot Impedance Control Based on Fuzzy PD Controller Hongwei Gao, Kun Hong, Jian-hui Song, Yang Yu various stages of system dynamic process can be in the best condition to obtain satisfactory control performance by FSA-PD. The block diagram of FSA-PD control system is in Figure 3 . Two ways can be used in simulation of MATLAB software. One is the direct MATLAB programming language which is used in this paper and the other is the combination of FIS Editor and SIMULINK. Simulation program is consisted of five parts in programming sequence.
(1) given part of simulation model and the initial value of simulation (2) 
Impedance control based on the fuzzy PD
Framework of unified control of the free movement space and constrained motion space is provided by impedance control which does not directly control the desired position and force. Dynamic relationship between position error of the end of the robot and force set by the user is adjusted to achieve purposes of compliance control, the same as the force feedback signal is conversed for the correction of the position and velocity.
X is reference position generated by the trajectory planning. X is the measured real-time location,
is inertia matrix, damping matrix and stiffness matrix, F is the force between the end of the robot and environmental.
Basic compliance control method and design method of fuzzy PD controller are discussed above. Impedance control algorithm in the compliance control and fuzzy PD control algorithm are combined to simulate based on kinematics and dynamics model of plane 3R robot which has been built. Model structure diagram of impedance control based on fuzzy PD of plane 3R robot is shown in Figure 4 . 2 . Initial angular velocity of the robot joint is respectively set as w 1 =0.3rad/s, w 2 = w 3 =0.2rad/s. The impedance can not be considered when the manipulator is in free space motion as impedance control can not afford to have any effect in free space but in the space of environmental constraints. Therefore, a switch variable can be set in the programmer during the simulation, which is set to 0 in free space and turns to 1 in the face of environmental constraints. Impedance control is enabled when the impedance characteristics are considered.
Simulation results and analysis
Initial values of robot joint angles are set as θ 1 =θ 2 =0 rad and θ 3 =π/2 rad before the simulation. Expected angles of the joint are set asθ 1 =0 rad, θ 2 =π/3 rad andθ 3 =π/3 rad. The concerned system state can be selected and the running system can be observed from Scope and DMux. Trajectory of the end of manipulator under the control of the independent PD is shown in Figure 5 . Trajectory of the end of manipulator under the control of the fuzzy PD is shown in Figure 6 . The difference between target value and actual value of X of the end of manipulator under the control of the independent PD and the control of the fuzzy PD is shown in Figure 7 . Overshoot of the end of manipulator under the control of the fuzzy PD is lower than the one under the control of the independent PD, but the settling time is relatively longer from Figure 7 . The difference between target value and actual value of Y of the end of manipulator under the control of the independent PD and the control of the fuzzy PD is shown in Figure 8 . Settling time is shorter, precision is higher and overshoot is lower when it is under the control of the fuzzy PD from Figure8. The comprehensive difference parameter can be set as
.Δx=0.000444, Δy=0.052537 and Δq=0.052539 can be obtained from simulation when the system is stable under the control of the fuzzy PD, but Δ x=0.000415,Δy=0.058419 andΔq=0.0058420 under the control of the independent PD. The effect of the fuzzy PD is better than the independent PD from the above. 
Conclusion
The impedance control problem of three-link plane robot is investigated. Firstly, the kinematics and dynamics model of robot is derived. Then, the fuzzy PD joint controller is formatted when the fuzzy theory is introduced into the joint PD controller of robot. The combination of controller and the show that the fuzzy PD control algorithm which has a higher control precision and is referenced for further study of fuzzy impedance control method is better than the traditional PD control algorithm.
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